Aim: measuring socioeconomic inequalities in health and health care, and understanding determinants of such inequalities, are critical for achieving higher equity in health. Equity in health is a prerequisite for public health and welfare. The aim of the paper is (1) to quantify inequality in diabetes morbidity patterns over patients' entire life span, and (2) to compare levels of inequality measured through income and educational level, respectively, as proxies for socioeconomic status (SES). Method: historic individual register data on the entire Danish diabetes population alive in 2011 were gathered. Cox survival analysis and a concentration index decomposition approach were applied to analyse relevant morbidity indicators reflecting patients' health state at diagnosis and throughout their lives with diabetes. Results: Patients with high education have approximately 26% lower mortality hazard when diagnosed with diabetes and 10-15% lower hazard of developing complications as compared with patients with short education. The outcome variables: 'severe complications at diagnosis' and 'years with severe complications' inhibit the highest negative concentration index value, indicating that morbidity is concentrated among the lower SES groups, whereas the outcome variables 'years without complications' and 'duration of diabetes' concentrate among the socioeconomically better-off patients. Conclusions: Significant differences in diabetes patients' morbidity patterns and survival indicate that diabetes impacts harder on patients of lower SES; these patients experience more severe complications and die earlier. Hence to reduce inequality in health, it is important to invest in efforts targeted towards socially vulnerable groups.
Introduction
Persistent differences in health by socioeconomic status (SES) have long been a serious health policy concern and threat to public health in many European countries [1] . It is well known that socioeconomic inequality exists in diabetes with higher incidence and mortality among patients of lower SES [2] [3] [4] [5] [6] . The increasing prevalence of diabetes globally [7, 8] stresses the importance of recognition of aspects of inequality within chronic diseases such as diabetes. Socioeconomic differences in compliance to treatment exist, especially in preventive efforts and retention of lifestyle changes among chronic patients [6, 9] . Evidence on the explanatory patient characteristics to disease-specific inequality may guide future efforts to reduce unequal distributions of, for instance, health care. This study presents initial evidence on the composition of socioeconomic inequality in a range of diabetes morbidity indicators reflecting diabetes patients' life with diabetes from diagnosis to death. The study is placed within a large literature of measuring socioeconomic inequality in health, applying the methods developed by Wagstaff, Van Doorslaer and Koolman [1, [10] [11] [12] [13] [14] .
Taking advantage of the detailed Danish social and health registers, our research inquiries are threefold: (1) to quantify socioeconomic inequality in diabetes morbidity patterns; (2) to decompose inequality by quantifying the contribution attributable to individual sociodemographic determinants; and (3) to compare educational and income level as proxy for patients' SES.
Patients and methods
The study is part of a large-scale Danish observational investigation, the Diabetes Impact Study 2013 [7, [15] [16] [17] .
Data is collected from the national Diabetes Register (diabetes patients included due to fulfilment of specific criteria [15] , date of inclusion, criteria for inclusion); the national Patient Register (hospitalizations and ambulant visits); the national Prescription Registry (pharmaceuticals); the national health Service Register (health care services in primary care); the Civil Registration System (identification number, birth, death and residence); and social registers at Statistics Denmark (labour market affiliation, annual gross income and highest attained educational level). linkage of person-specific data between registers is possible using the Danish Personal Identification number, which is assigned to each Danish citizen for administrative purposes.
The study population is based on all patients registered in the Danish national Diabetes Register diagnosed before 1 January 2012 and alive 1 January 2011, as described in detail elsewhere [15] , leaving N = 318,729 patients. Data for this population were retrieved retrospectively back to time of diagnosis and forward until death or until 31 December 2013.
Variable definitions and descriptive statistics
Some 31,645 patients were incident cases in 2011, corresponding to 9.1% of the study population. In 2011, 54% of patients had no complications to their disease, 19% had minor complications and 27% suffered or had previously been suffering from severe complications. At diagnosis, 81% had been diagnosed with no complications, 9% with minor complications and 11% with severe complications (ICD codes defined for each complication group are given in Supplementary Table 1 ). During 2011, 11,819 of the patients died, corresponding to 3.7%. Of the population, 48.5% are females and the average age is 63 years. From the national Diabetes Register, it is not possible to differentiate between different types of diabetes, and this is therefore not included in the study. A rough estimation is that approximately 10% of the population is type 1 diabetes patients.
Patients' annual gross income is applied as a ranking variable, since this measure is the most common measure of SES in the literature analysing inequality through concentration indices [1, 18, 19] . Patients' highest attained educational level is applied as a ranking variable as well, since this measure is frequently used in public health literature due to its simplicity and universality [20] .
Patients' demographic and clinical characteristics are described and defined in Table I .
Methods of analysis
Cox regression. The Cox proportional hazards model for survival time is used to explore effects of patients' SES on survival time and time to complications. Cox regression is a semi-parametric method commonly used for duration analysis within health care [21] .
Cox's model is based on the hazard function at time t, h(t). The model is usually written as:
The hazard of patient i is specified as the product of two factors: (1) an unspecified baseline hazard function h 0 (t), which is restricted to be positive and only depending on time and not the covariates, and (2) a linear function of a set of q fixed covariates which is exponentiated and does not depend on time. The cumulative hazard function is calculated relative to the baseline (lowest value of covariates) at each time point. The Cox model does not assume any specific probability distribution to represent time until event. Patients are classified according to complication states, outlined in Table I , described in detail elsewhere [7] . Time to event is investigated for four outcomes, specified in Table I . Covariates include age, gender, marital status, ethnicity and region of residence.
Concentration index and decomposition. Similar to previous studies initiated by Wagstaff et al. [14] we use the concentration index as measure of relative socioeconomic inequality in morbidity patterns. A concentration curve L s ( ) plots the cumulative proportion of the population (ranked by SES, beginning with lowest SES) against the cumulative proportion of morbidity. The further L s ( ) lies from the diagonal, the larger the degree of inequality. The concentration index, C , is defined as twice the area between L s ( ) and the diagonal and takes a value of 0, when everyone is equally off regardless of SES. The minimum and maximum values of C are -1 and +1, respectively; these occur in the (hypothetical) situation where morbidity are concentrated in the hand of the least disadvantaged and the most disadvantaged person, respectively. Thus, the larger negative value of C , the more morbidity concentrates among lower SES groups. A computational formula for C was given by Kakwani et al. [22] 
Decomposition of the predicted degree of inequality into the contributions of explanatory factors was proposed by Wagstaff et al. [14] . The point of departure is a regression model, based on Ordinary least Squares, which relates the outcome in question to the determinants. This leads to a decomposition of the concentration index of predicted morbidity 
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, whereafter Ĉ is calculated from  y as described above. As shown above, inequality is calculated as a sum of two terms: predicted inequality (by the determinants of the regression), and residual inequality. Predicted inequality is obtained as a weighted sum of inequality contributions from each of the determinants. In principle, the contribution from a determinant to total inequality is obtained by multiplying three parts: (1) the determinant's impact on the outcome variable as measured by the regression coefficient; (2) the degree of income-related inequality in the determinant itself as measured by the concentration index for the determinant; and (3) the determinants' heaviness in the population as measured by its average value. Finally, the residual inequality is obtained by subtracting predicted inequality from observed inequality.
In order to assess sampling variability and to obtain standard errors for the estimated quantities, a 'bootstrap' procedure [24] in a four-step manner is Patients with high education have approximately 26% lower mortality hazard when diagnosed with diabetes as compared with patients with short education. For income, the mortality hazard is 66% lower for patients with high income (column 2). Compared with patients with short education, patients with high education have 10-15% lower hazard of developing minor and severe complications as well as dying when having severe complications. For income, again, the difference is higher, with 20-60% reduction for patients of higherincome groups compared with lower-income groups (columns [3] [4] [5] . This indicates consistent differences by SES, also when relevant confounders are included. mortality hazards by educational level from diagnosis and onward are depicted in Figure 1 , stratified by complication at diagnosis. Survival by complication state at diagnosis inhibits the expected pattern with increased survival with fewer complications at diagnosis. The relative lower survival rate among patients of lower educational level as compared with higher educational level is consistent regardless of degree of complications at diagnosis.
results

Time to complication and survival
Concentration index
Tables III and IV present concentration indices for the selected morbidity indicators, applying income and educational level as rank variables, respectively, and contributions of determinants to the overall predicted concentration index.
Severe complications at diagnosis and patient years with severe complications (PYRS in Cg2) inhibits the highest values of concentration indices, all with a negative sign indicating that morbidity concentrates among the lower-income/educational groups. Years without complications (PYRS in Cg0) and longer duration of diabetes (total PYRS) on the contrary have positive signs, hence concentrating among the socioeconomically better-off patients. This pattern is depicted in supplementary Figure 2 .
Comparing the concentration indices ranked by income and educational level all signs agree, except for age at death, where income has negative and education positive sign. Age at death is higher among patients of lower income level, which is counterintuitive to these patients being more morbid. Inequality is almost non-existent in this variable, with only age explaining inequality, with 75+ age groups leading to higher age at death among lower-income groups, whereas the other age groups point to the opposite. This indicates that it is not the lower-income groups who are reaching the highest age before death as such, but rather that the older age groups are becoming poorer. This is supported by the concentration index being positive for educational level, supporting the more intuitive pattern, with longer survival among the higher educated.
Opposite signs are also observed for unmarried and divorced. using income as rank variable, it appears that morbidity indicators are concentrated among the higher-income groups for these characteristics compared with married people, whereas the opposite is true for educational level.
There is a tendency of inequality being estimated higher when ranked by income than by education for the predicted concentration indices. Especially for the indicators severe complications at diagnosis, and PYRS in Cg2, inequality estimates based on income are higher than estimates based on education. This corresponds well with the expectation, since the most severe morbidity affects income levels most. The observed pattern is, however, not consistent within (Tables III and IV) , age and gender explain a lot of the observed inequality in morbidity patterns. Similar patterns are seen for men and women, where younger age groups (<30) and elderly age groups (75+) explain the described inequality, whereas for middle-aged groups (30-74) morbidity appears to be more equally distributed. not being in job is associated with a higher extent of morbidity than being in job, and with a lower duration of both PYRS in Cg0 and in total. Since these groups generally have lower incomes, they explain inequality in the morbidity indicators. Retired people have low incomes and experience fewer years without complications, and more severe complications, hence explaining some of the inequality measured by income.
Discussion
The results illustrate that the impact of diabetes is mainly loading on patients of lower SES, with these patients living fewer years without developing complications, experiencing severe complications sooner and dying sooner than do patients of higher SES. Already at time of diagnosis, morbidity patterns were significantly different, with patients of lower SES diagnosed at a higher age and at a worse health state with more complications. Results from the decomposition analyses underpinned this pattern. Our findings hence support and expand international literature on inequality in diabetes mortality [2] and risk of diabetes-related complications [6] .
Patients outside the labour market, immigrants and divorced patients are especially vulnerable when belonging to lower SES groups. While the first group carry a great burden in respect to morbidity of diabetes, at the same time, as they belong to lower levels of SES both in relation to education and income, the two latter groups stand out with morbidity concentrating among higher income levels. While divorced people are more morbid and die younger, they earn more to be able to finance their living. To the contrary, it is the lowest educated who are divorced, thus explaining some of the higher morbidity in this group. This can explain the contradictory findings using income and education as proxy for SES. For retired people, the results support a well-known phenomenon for Denmark, where the elderly traditionally receive relatively low incomes while enjoying worst health states [1, 25] . For immigrants, the explanation might be that immigrants of lower income are not diagnosed or followed during their disease in the same way as the more well-off immigrants, possibly due to cultural barriers. Our results implicate a need for strategies targeting socially vulnerable groups to achieve earlier diagnosis and hence fewer complications at diagnosis. For diagnosed patients, secondary prevention to assist these patients in managing their disease would be beneficial. Results are supported by our investigation of social inequality in health care service usage among diabetes patients, which suggested differences in realized access to health care, with patients of higher SES, especially higher educational level, enjoying to a greater extent offers especially of out-patient services, rehabilitation and specialists in primary care [26] .
Proxies for SES
With the aim to investigate associations between SES and morbidity or mortality, education provides more univocal results, as education generally is not expected to be influenced by morbidity, being [27] , however, challenges this expectation for approximately 10% of the study population. Income level, on the other hand, provides a more immediate picture of this relationship, including also reverse causality between disease and SES. Several studies, including those mentioned here, use household rather than individual income, given that the former is a more comprehensive expression of patients' economic abilities. This variable was not available in the current study. Findings of the differences between income and education as SES measure are, however, not of a nature indicating that individual income is a misstatement of SES. The endogenous relationship between income and health is of a long-term structural nature. Thus, the longer back before 2011 the patient was diagnosed, the worse is the 2011 income as a measure of real income during the disease. Such bias should be expected to be largest for the unemployed groups. While this endogeneity may be assessed by instrumenting with historical data on income, the long-term nature of the relationship will only partly allow for such a remedy to be successful.
Rather, we recommend using educational level as an exogenous proxy of socioeconomic status.
Strengths and limitations
The strong data foundation of individual data on the entire Danish diabetes population distinguishes the study. The different morbidity indicators enable a more nuanced picture of inequality in diabetes than the more common indicators most often applied in the literature [3] . The survival analyses are biased by the construction of the patient cohort starting in the 2011 population (alive) in a retrospective design providing a picture of the present state of inequality. This means that some patients will have died before 2011, resulting in survival seeming higher than is the case. For the aim of analysing differences according to SES, this aspect, however, can be expected to result in conservative estimates. A potential future development might be a cohort study, based on all diabetes patients diagnosed over time. Such a study might provide more details on the development of inequality in morbidity and mortality.
In the concentration index calculation, tied ranking was applied for educational level (nine categories). Following the suggestions by Clarke and Van Ourti [28] , we compared tied ranking with income level as ranking variable within each educational category. The results indicate no univocal impact of applying the grouped rank variable. The validity of these comparisons, however, relies on the assumption that the relationship between morbidity and SES is similar for the two rankings. This may not necessarily be the case, as indicated by the results. Further, this methodology has been widely debated, and different authors have suggested alternative approaches to measure inequality in health [12] . The concentration index approach was chosen based on its historical wide application in the literature [12] . Comparison of the different measures falls beyond the scope of this paper; however, this warrants further investigation.
We were not able to control results for general inequality in morbidity, the importance of which has previously been demonstrated [29] . Due to the registration process in the national Diabetes Register, some people in our patient population might be falsely registered, having had their blood glucose levels checked regularly [15] . We do, however, not see this as a serious disturbance of the findings concerning differences within SES. neither could we include data on patients' lifestyle, which would enhance interpretation of results [5] . Finally, we chose not to include interactions between characteristics in order to ease interpretation of results. In future studies, interactions between the characteristics of interest, as highlighted by this paper, should be explored.
conclusion
We provide new evidence on inequality in diabetes morbidity patterns from diagnosis to death, with patients of lower SES being diagnosed in a worse state, living shorter with their disease and experiencing more severe complications. Furthermore, survival time and time to complications show clear decreasing tendencies with decreasing SES. To reduce inequality in health, it is therefore important to invest in efforts targeted towards socially vulnerable groups, aiming at early detection and secondary prevention. methodologically, our findings underpin important differences of using income and educational level, respectively, as proxy for SES. Several of our results may underpin universal structures behind inequality in diabetes, and in chronic disease in general, and thus be valuable for public health strategies beyond Denmark.
